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(54) Mailing machine including dimensional rating capability 


(57) A mailing machine (10) comprises a device 
(200) for feeding an envelope (20) having a width in a 
path of travel; a device (500) for determining the width of 
the envelope; and a control device (300) in operative 
communication with the determining device (500) for 
using the width of the envelope to ascertain a proper 
amount of postage to be applied to the envelope (20). 
According to a first embodiment, the determining device 
includes a sensor array (520) located transverse to the 
path of travel for detecting the presence of the envelope 

10 
«30 


where the sensor array (520) includes an inner plurality 
of sensors and an outer plurality of sensors located fur- 
ther away from a registration wall than the inner plurality 
of sensors. According to a second embodiment, the 
determining device (500) includes a first sensor for 
detecting a lead edge of the envelope and a sensor line 
located downstream in the path of travel from the first 
sensor and at an angle to the path of travel so as to 
detect a lead corner of the envelope. 
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Description 

This invention relates to determining rating param- 
eters for a mai (piece. More particularly, this invention is 
directed to a mailing machine including dimensional rat- s 
ing capability for determining the width of a mailpiece 
and classifying the mailpiece according to its width so 
that a proper amount of postage may be applied. 

Mailing machines are well known in the art. Gener- 
ally, mailing machines are readily available from manu- 
facturers such as Pitney Bowes Inc. of Stamford, CT. 
Mailing machines often include a variety of different 
modules which automate the processes of producing 
mailpieces. The typical mailing machine includes a vari- 
ety of different modules or sub-systems where each 
module performs a different task on the mailpiece, such 
as: singulating (separating the mailpieces one at a time 
from a stack of mailpieces), weighing, moistening/seal- 
ing (wetting and closing the glued flap of an envelope), 
applying evidence of postage, accounting for postage 
used and stacking finished mailpieces. However, the 
exact configuration of each mailing machine is particu- 
lar to the needs of the user. Customarily, the mailing 
machine also includes a transport apparatus which 
feeds the mailpieces in a path of travel through the suc- 
cessive modules of the mailing machine. 

Various postal services throughout the world have 
developed rating systems which are used to determine 
the fee associated with the delivery of a particular mail- 
piece. Generally, the rating systems utilize a variety of 
different parameters or factors which influence the fee 
structure, such as: desired class of service (as exam- 
ples, first class or third class in the United States), 
weight of the mailpiece, destination of the mailpiece and 
size of the mailpiece. The postal services generally 
communicate the rating systems in the form of tables or 
charts which are updated periodically to reflect new 
pricing or changes in the rating parameters. 

A number of different devices and systems have 
been developed to assist mailers in determining the 
proper amount of postage for each particular mailpiece. 
For example, a scale may be utilized for determining the 
weight of the mailpiece which is used as one input to the 
rating system to calculate the proper amount of post- 
age. As another example, a ruler may be used to meas- 
ure the width of the mailpiece which is used as another 
input to the rating system to calculate the proper 
amount of postage. Generally, the fees of the various 
postal services are higher for heavier and larger mail- 
pieces due to extra costs incurred in handling and trans- 
portation. 

Such simple devices such as a scale and a ruler 
may be suitable for low volume conscientious mailers 
who send few mailpieces over a given period of time. 
However, such simple devices are not suitable for all 
mailers. For example, if the mailer employs operators 
who are not conscientious, then human error will result 
in incorrect readings from the scale and the ruler. If the 


incorrect readings lead to insufficient postage being 
applied, then the mailpiece will be returned to the mailer 
causing delays. If the incorrect readings lead to excess 
postage being applied, then the mailpiece will be deliv- 
ered, but the mailer will have wasted money. Either sce- 
nario is undesirable to the mailer. As another example, 
the mailer who sends a significant number of mailpieces 
on a regular basis will experience increased costs and 
delays due to the inefficiencies of handling large vol- 
umes of mailpieces manually. 

Some prior art mailing machines have been devel- 
oped which have the capability for feeding mailpieces of 
different sizes, commonly referred to as mixed mail. An 
example of such prior art mailing machines is the Para- 
gon™ available from Pitney Bowes in Stamford, Con- 
necticut. Although this mailing machine generally works 
well by applying proper postage to mailpieces of differ- 
ent thicknesses and weights, it suffers from some limita- 
tions. The Paragon™ employs a single sensor spaced at 
a distance of 15.56 centimeters (cm) (6.125 inches) 
from the registration wall. Thus, whether a mailpiece is 
under or over 15.56 cm can be determined, but the pre- 
cise width of the mailpiece cannot be determined. Since 
the United States has a single price point for determin- 
ing rating according to mailpiece width which is located 
at 15.56 cm, this single sensor is generally sufficient for 
applying appropriate rating to envelopes in the United 
States. However, it is not adequate for applying appro- 
priate rating in other postal markets. 

For example, the postal services of several coun- 
tries (Germany, Italy, etc.) have established a plurality of 
price points relating to mailpiece width in their rating 
system, respectively. Moreover, the various postal serv- 
ices have not established these price points in the same 
location. As a result, mailpieces must be manually 
sorted according to their widths and according to the 
applicable postal service rating system prior to process- 
ing because the mailing machine does not have any 
capability to detect the precise width of the mailpieces. 
Therefore, the mailing machine can only properly han- 
dling mixed mailpieces which are all within the same 
range or width category within the applicable rating sys- 
tem. 

Therefore, there is a need for a mailing machine 
including dimensional rating capability so that the need 
for presorting is reduced. 

The present invention provides a mailing machine 
including dimensional rating capability for use in ascer- 
taining the proper amount of postage to be applied to an 
envelope and a method of ascertaining the width of an 
envelope and the proper amount of postage to be 
applied to an envelope in a mailing machine. 

In accordance with the present invention, the mail- 
ing machine comprising a device for feeding an enve- 
lope having a width in a path of travel; a device for 
determining the width of the envelope; and a control 
device in operative communication with the determining 
device for using the width of the envelope to ascertain a 
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proper amount of postage to be applied to the envelope. 
According to a first embodiment, the determining device 
includes a sensor array located transverse to the path of 
travel for detecting the presence of the envelope where 
the sensor array includes an inner plurality of sensors 5 
and an outer plurality of sensors located further away 
from a registration wall than the inner plurality of sen- 
sors. According to a second embodiment, the determin- 
ing device includes a first sensor for detecting a lead 
edge of the envelope and a sensor line located down- 
stream in the path of travel from the first sensor and at 
an angle to the path of travel so as to detect a lead cor- 
ner of the envelope. 

In accordance with the present invention, a method 
of determining a proper amount of postage for an enve- 
lope in a mailing machine is provided, the method com- 
prises the step(s) of: feeding the envelope having a 
width in a path of travel; determining the width of the 
envelope; and using the width of the envelope to ascer- 
tain the proper amount of postage to be applied to the 
envelope. According to a first embodiment, the method 
further comprises the step(s) of: providing an array of 
sensors located substantially transverse to the path of 
travel so as to detect the presence of the envelope; and 
wherein the array of sensors includes an inner plurality 
of sensors and an outer plurality of sensors located fur- 
ther from the registration wall than the inner plurality of 
sensors. According to a second embodiment, the 
method further comprises the step(s) of: providing a first 
sensor for detecting a lead edge of the envelope; and 
providing an array of sensors located downstream in the 
path of travel from the first sensor and at an angle to the 
path of travel so as to detect a lead corner of the enve- 
lope. 

Therefore, it is now apparent that the invention sub- 
stantially overcomes the disadvantages associated with 
the prior art. Additional advantages of the invention will 
be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned 
by practice of the invention. The objects and advan- 
tages of the invention may be realized and obtained by 
means of the instrumentalities and combinations partic- 
ularly pointed out in the appended claims. 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification, illus- 
trate a presently preferred embodiment of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 
ments given below, serve to explain the principles of the 
invention. As shown throughout the drawings, like refer- 
ence numerals designate like or corresponding parts. 

Fig. 1 is a simplified schematic of a front elevational 
view of a mailing machine which incorporates a first 
embodiment of the present invention. 

Fig. 2 is a simplified schematic of a plan view of a 
sequence of envelopes in transit through the mailing 
machine in accordance with the first embodiment of the 
present invention. 


Fig. 3 is a graph showing the dimensional rating 
requirements of a plurality of different countries. 

Fig. 4 is a flow chart showing the operation of the 
mailing machine in accordance with the first embodi- 
ment of the present invention. 

Fig. 5 is a simplified schematic of a plan view of a 
sequence of envelopes in transit through the mailing 
machine in accordance with a second embodiment of 
the present invention. 

Fig. 6 is an enlarged plan view of an envelope in 
transit through the mailing machine in accordance with 
the second embodiment of the present invention. 

Referring to Fig. 1, a mailing machine 10 including 
a print head module 100, a conveyor apparatus 200. a 
micro control system 300 and a singulator module 400 
is shown. Other modules of the mailing machine 10, 
such as those described above, have not been shown 
for the sake of clarity. The singulator module 400 
receives a stack of envelopes (not shown), or other 
mailpieces such as postcards, folders and the like, and 
separates and feeds them at variable speed in seriatim 
fashion (one at a time) in a path of travel as indicated by 
arrow A. Downstream from the path of travel, the con- 
veyor apparatus 200 feeds envelopes at constant speed 
in the path of travel along a deck (not shown) past the 
print head module 100 so that an indicia of postage can 
be printed on each envelope 20. Together, the singula- 
tor module 400 and the conveyor module 200 make up 
a transport apparatus for feeding the envelopes 20 
through the various modules of the mailing machine 10. 

The print head module 100 is of an ink jet print head 
type having a plurality of ink jet nozzles (not shown) for 
ejecting droplets of ink in response to appropriate sig- 
nals. The print head module 100 may be of any conven- 
tional type such as those commonly available from 
printer suppliers. Since the print head module 100 does 
not constitute a part of the present invention, further 
description is unnecessary. So that the postal indicia is 
spaced a predetermined distance from the top edge of 
the envelope 20, the envelope 20 is aligned along its top 
edge with a registration wall (not shown) as it is fed 
through the mailing machine 10. The print head module 
100 is accordingly spaced a predetermined distance 
transverse to the registration wall. 

The singulator module 400 includes a feeder 
assembly 410 and a retard assembly 430 which work 
cooperatively to separate a batch of envelopes (not 
shown) and feed them one at a time to a pair of take- 
away rollers 450. The feeder assembly 410 includes a 
pair of pulleys 41 2 having an endless belt 414 extending 
therebetween. The feeder assembly 410 is operatively 
connected to a motor 470 by any suitable drive train 
which causes the endless belt 414 to rotate clockwise 
so as to feed the envelopes in the direction indicated by 
arrow A. The retard assembly 430 includes a pair of pul- 
leys 432 having an endless belt 434 extending therebe- 
tween. The retard assembly 430 is operatively 
connected to any suitable drive means (not shown) 


15 


20 


25 


30 


35 


40 


45 


50 


BNSDOCID: <EP 0871 1 45A2 I > 


5 


EP0 871 145 A2 


6 


which causes the endless belt 434 to rotate clockwise 
so as to prevent the upper envelopes in the Batch of 
envelopes from reaching the take-away rollers 450. In 
this manner, only the bottom envelope in the stack of 
envelopes advances to the take-away rollers 450. 5 
Those skilled in the art will recognize that the retard 
assembly 430 may be operatively coupled to the same 
motor as the feeder assembly 410. 

Since the details of the singulator module 400 are 
not necessary for an understanding of the present 
invention, no further description will be provided. How- 
ever, an example of a singulator module suitable for use 
in conjunction with the present invention is described in 
U.S. Patent Number 4,7978,114, entitled REVERSE 
BELT SINGULATING APPARATUS, the disclosure of 
which is specifically incorporated herein by reference. 

The take-away rollers 450 are located adjacent to 
and downstream in the path of travel from the singulator 
module 400. The take-away rollers 450 are operatively 
connected to motor 470 by any suitable drive train (not 
shown). Generally, it is preferable to design the feeder 
assembly drive train and the take-away roller drive train 
so that the take-away rollers 450 operate at a higher 
speed than the feeder assembly 410. Additionally, it is 
also preferable that the take-away rollers 450 have a 
very positive nip so that they dominate control over the 
envelope 20. Consistent with this approach, the nip 
between the feeder assembly 410 and the retard 
assembly 430 is suitably designed to allow some 
degree of slippage. 

The mailing machine 10 further includes a sensor 
module 500 which is substantially in alignment with the 
nip of take-away rollers 450 and a sensor array assem- 
bly 520, both for detecting the presence of the envelope 
20. Preferably, the sensor module 500 is of any conven- 
tional optical type which includes a light emitter 502 and 
a tight detector 504. Generally, the light emitter 502 and 
the light detector are located in opposed relationship on 
opposite sides of the path of travel so that the envelope 
20 passes therebetween. By measuring the amount of 
light that the light detector 504 receives, the presence or 
absence of the envelope 20 can be determined. 

Generally, by detecting the lead and trail edges of 
the envelope 20, the sensor module 500 provides sig- 
nals to the micro control system 300 which are used to 
determine the length of the envelope 20. The amount of 
time that passes between the lead edge detection and 
the trail edge detection, along with the speed at which 
the envelope 20 is being fed, can be used to determine 
the length of the envelope 20. Additionally, using similar 
techniques, the sensor module 500 measures the 
length of the gaps between envelopes 20 by detecting 
the trail edge of a first envelope and the lead edge of a 
subsequent envelope. Alternatively, an encoder system 
(not shown) can be used to measure the envelope 20 
and gap lengths by counting the number of encoder 
pulses which are directly related to a known amount of 
rotation of the take-away rollers 450. Thus, the lengths 


can be determined in this fashion. Such techniques are 
well known in the art. 

Referring to Figs. 1 and 2, in one embodiment the 
sensor array assembly 520 includes an inner array 522 
and an outer array 524 both mounted in any conven- 
tional fashion to be flush with the deck 60 and extending 
generally transverse to the path of travel so as to be 
substantially perpendicular to the registration wall 30. 
Preferably, the inner array 522 and the outer array 524 
both include a plurality of conventional reflective optical 
type sensors spaced along the length of each array 522 
and 524. Each sensor includes a light emitter (not 
shown) and a respective light detector (not shown). 
Generally, the light emitter and the light detector are 
located adjacent to each other so that the light detector 
receives light reflected back from the light emitter. By 
measuring the amount of light that the light detector 
receives, the presence or absence of the envelope 20 
can be determined. A greater amount of light indicates 
that the envelope 20 is present while a lesser amount of 
light indicates that the envelope 20 is not present. 

In the preferred embodiment, the inner array 522 
and the outer array 524 both incorporate the plurality of 
sensors spaced 1 millimeter (mm) apart from each 
other. Furthermore, the inner array 522 includes a first 
sensor 522a set at a distance of 9.0 centimeters (cm) 
from the registration wall 30 and a last sensor 522z set 
at a distance of 16.62 cm from the registration wall 30. 
The outer array 524 includes a first sensor 524a set at a 
distance of 23.1 cm from the registration wall 30 and a 
last sensor 524z set at a distance of 25.0 cm from the 
registration wall 30. Those skilled in the art will recog- 
nize that other beginning and ending distances are pos- 
sible. 

Referring primarily to Fig. 3 while recalling the 
structure of Figs. 1 and 2, a graph indicating the dimen- 
sional rating requirements with respect to the width of 
the envelope 20 of various countries is shown as meas- 
ured by the distance from the registration wall 30. Each 
point on the graph corresponds to an envelope width 
where the pricing for the respective postal authority 
changes. For example, the postal authority in the United 
States requires an additional charge of $0.10 for any 
envelope 20 having a width of 15.56 cm or greater. 
Other postal authorities have established price points at 
different widths. Additionally, most other postal authori- 
ties, such as Germany and Italy, have established a 
series of price points. However, the price points for the 
various countries are generally found in two groupings: 
(i) from 9.0 cm to 1 6.2 cm; and (ii) from 23.5 cm to 25.0 
cm. 

Referring to Fig. 1, the conveyor apparatus 200 
includes an endless belt 210 looped around a drive put- 
ley 220 and an encoder pulley 222 which is located 
downstream in the path of travel from the drive pulley 
220 and proximate to the print head module 100. The 
drive pulley 220 and the encoder pulley 222 are sub- 
stantially identical and are f ixably mounted to respective 
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shafts (not shown) which are in turn rotatively mounted 
to any suitable structure (not shown) such as a frame. 
The drive pulley 220 is operatively connected to a motor 
260 by any conventional means such as intermeshing 
gears (not shown) or a timing belt (not shown) so that 
when the motor 260 rotates in response to signals from 
the micro control system 300, the drive pulley 220 also 
rotates which in turn causes the endless belt 210 to 
rotate and advance the envelope 20 along the path of 
travel. 

The conveyor apparatus 200 further includes a plu- 
rality of idler pulleys 232, a plurality of normal force roll- 
ers 234 and a tensioner pulley 230. The tensioner pulley 
230 is initially spring biased and then locked in place by 
any conventional manner such as a set screw and 
bracket (not shown). This allows for constant and uni- 
form tension on the endless belt 21 0. In this manner, the 
endless belt 210 will not slip on the drive pulley 220 
when the motor 260 is energized and caused to rotate. 
The idler pulleys 232 are rotatively mounted to any suit- 
able structure (not shown) along the path of travel 
between the drive pulley 220 and the encoder pulley 
222. The normal force rollers 234 are located in 
opposed relationship and biased toward the idler pul- 
leys 232, the drive pulley 220 and the encoder pulley 
222, respectively. 

As described above, the normal force rollers 234 
work to bias the envelope 20 up against the deck (not 
shown). This is commonly referred to as top surface 
registration which is beneficial for ink jet printing. Any 
variation in thickness of the envelope 20 is taken up by 
the deflection of the normal force rollers 234. Thus, a 
constant space is set between the envelope 20 and the 
print head module 100 no matter what the thickness of 
the envelope 20. The constant space is optimally set to 
a desired value to achieve quality printing. It is important 
to note that the deck (not shown) contains suitable 
openings for the endless belt 210 and normal force roll- 
ers 234. 

A more detailed description of the conveyor appara- 
tus 200 is found in copending European Patent Applica- 
tion Serial No. 97116467.8; filed on September 22, 
1997, and entitled MAILING MACHINE. 

The singulator module 400, conveyor apparatus 
200, the print head module 100, the sensor module 500 
and the sensor array module 520, as described above, 
are under the control of the micro control system 300 
which may be of any suitable combination of microproc- 
essors, firmware and software. The micro control sys- 
tem 300 includes a variety of subsystems or modules all 
of which are in communication with each other over any 
suitable communication pathway such as a bus 305. 
The micro control system 300 includes a motor control- 
ler 310 which is in operative communication with the 
motors 260 and 470 and a print head controller 320 
which is in operative communication with the print head 
module 100. It is important to note that the singulator 
module 400 and the conveyor apparatus 200 have 


respective encoder systems which are in communica- 
tion with the micro control system 300. In this manner, 
the micro control system 300 can monitor the perform- 
ance of the singulator module 400 and the conveyor 

5 apparatus 200 and issue appropriate drive signals to 
motors 470 and 260, respectively. 

Additionally, the micro control system 300 includes 
an accounting module 340, a rate module 350 and a 
sensor controller 330 which is in operative communica- 
te tion with both the sensor module 500 and the sensor 
array module 520. The sensor controller 330 selectively 
energizes the various light emitters of the sensor mod- 
ule 500 and the sensor array module 520 and receives 
as input the measurements from the respective light 

75 detectors. In this manner, the presence of the envelope 
20 may be detected. A more detailed description of a 
suitable sensor controller which could be used in 
accordance with the present invention is described in 
U.S. Patent Number 5,154.246 entitled SENSOR 

20 PROCESSOR FOR HIGH-SPEED MAIL-HANDLING 
MACHINE, the disclosure of which is specifically incor- 
porated herein by reference. 

The rate module 350 contains the necessary infor- 
mation pertaining to the rating system of the postal 

25 authority governing the location where the mailing *" 
machine 10 is installed. This rating system information 
includes the dimensional rating requirements of the 
postal authority. The accounting module 340 keeps 
track of the postal funds by maintaining a descending 

30 register which stores an amount of postage available for 
use and an ascending register which stores a total 
amount of postage dispensed over the life of the mailing 
machine 10. Postal funds may be added to the 
descending register by any conventional means. 

35 Referring to Fig. 2, a sequence of envelopes 20a, 
20b and 20c in transit through the mailing machine 1 0 is 
shown. The sequence of envelopes 20a, 20b and 20c 
are aligned along their top edge with registration wall 30 
and are feed in the path of travel as indicated by arrow 

40 A by the singulator module 400 (not shown). Envelope 
20a does not have sufficient width to reach the inner 
array 522 as it is fed along the deck 60. Therefore, none 
of the sensors in the inner array 522 will detect the pres- 
ence of the envelope 20a. Therefore, it may be inferred 

45 that the width of the envelope 20a is less than 9.0 cm. 
As the envelope 20b is fed along the deck 60. it will 
extend over the inner array 522 but will not reach the 
last sensor 522z or the outer array 524. Thus, the width 
of the envelope 20b is between 9.0 cm and 16.62 cm. 

so The exact width of the envelope 20b can be determined 
by cycling all the sensors in the inner array 522 to deter- 
mine which ones are covered by the envelope 20b. 
Since the distance from the registration wall 30 to each 
sensor is known, the width of the envelope 20b can be 

55 readily determined. As the envelope 20c is fed along the 
deck 60, it will extend completely over the inner array 
522 and will also cover a portion of the outer array 524. 
Thus, the width of the envelope 20c is between 23.1 cm 
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and 25.0 cm. The exact width of the envelope 20c 'can 
be determined in similar fashion as that described for 
the envelope 20b. 

It will be apparent to those skilled in the art that "rf 
the width of a subsequent envelope (not shown) is such 
that all the sensors of the inner array 522 are covered 
while none of the sensors of the outer array 524 are cov- 
ered, then the width of the subsequent envelope is 
between 16.62 cm and 23.1 cm. Because there are no 
sensors in this range, the exact width of the envelope 
will not be known. However, there is generally a void in 
this range of price points as identified in the graph 
shown in Fig. 3. 

It will also be apparent to those skilled in the art that 
if a further subsequent envelope covers all the sensors 
of the outer array 524, then the width of this envelope is 
greater than 25.0 cm. Because there are no sensors in 
this range, the exact width of the envelope will not be 
known. However, there is a complete void in this range 
of price points as identified in the graph shown in Fig. 3. 
Thus, the lack of sensors will have no impact on the abil- 
ity of the mailing machine 10 to establish the proper 
amount of postage to apply. 

Those skilled in the art will recognize that the inner 
array 522 and the outer array 524 have been sized and 
positioned accordingly to cover the vast majority of the 
price points identified in the graph of Fig. 3. Generally, 
the inner array 522 corresponds to a first grouping of 
price points between 9.0 cm and 16.2 cm while the 
outer array 524 corresponds to a second grouping of 
price points between 23.5 cm and 25.0 cm. In this man- 
ner, the cost of the overall sensor array module 500 is 
reduced because two smaller arrays, such as the inner 
array 522 and the outer array 524, are less expensive 
than a single array which extends from 9.0 cm to 25.0 
cm. 

With the structure of the mailing machine 10 
described as above, the operational characteristics will 
now be described. Referring to Fig. 4 while referencing 
the structure of Figs. 1 and 2, a flow chart 600 of the 
operation of the mailing machine 10 in accordance with 
the present invention is shown. At 602, the micro control 
system 300 cycles all the sensors of the inner array 522. 
Next, at 604, a determination is made as to whether or 
not all the sensors of the inner array 522 are covered. If 
so. then at 606 the micro control system 300 cycles all 
the sensors of the outer array 524. Next, at 608. the 
width of the envelope 20 is determined by repeatedly 
cycling the sensors of the outer array 524. If, at 604, all 
the sensors of the inner array 522 are not covered, then 
at 610 the width of the envelope 20 is determined by 
repeatedly cycling the sensors of the inner array 522. 
Once the width has been determined, either at 608 or 
610, then the proper postal fee is determined at 612 by 
comparing the width to the information in the rate mod- 
ule 350. 

Those skilled in the art will appreciate that repeat- 
edly cycling the sensors in the respective arrays 522 


and 524 will increase the reliability of the determined 
width. For example, the sensors can be cycled at differ- 
ent threshold values to account for variations in reflec- 
tivity over the surface of the envelope 20. Thus, dark 

5 zone (logos, writing, stray marks, etc.) on the envelope 
20 will not cause erroneous results. 

Those skilled in the art will further appreciate that 
since only one of the arrays 522 and 524 is repeatedly 
cycled to determine the width of the envelope 20, power 

10 consumption for the overall mailing machine 10 is 
reduced. Power consumption can be further reduced by 
only cycling the respective arrays 522 and 524 in the 
range where previous sensor cycles indicated the edge 
of the envelope 20. 

is Referring to Fig. 5, a sequence of envelopes 20a, 
20b and 20c in transit through the mailing machine 1 0 in 
accordance with a second embodiment of the present 
invention is shown. The sequence of envelopes 20a, 
20b and 20c are aligned along their top edge with regis- 

20 tration wall 30 and are feed in the path of travel as indi- 
cated by arrow A by the singulator module 400 (not 
shown). The mailing machine 10 includes a sensor 
assembly 550 including a sensor 552 and a sensor 
array 554 which are of the reflective type as discussed 

25 above. The sensor 552 is mounted flush with the deck 
60 to detect the lead edge of the envelopes 20a, 20b 
and 20c as they are fed through the mailing machine 10. 
Located downstream from the sensor 552 is the sensor 
array 554 which is also mounted flush with the deck 60 

30 and is positioned at an angle to the path of travel. It 
should now be apparent that each envelope 20a, 20b 
and 20c will contact the sensor array 554 at different 
points along the length of the sensor array 554 depend- 
ing upon its width. 

35 Referring to Fig. 6, an enlarged plan view of the 
envelope 20 in transit through the mailing machine 10 is 
shown. A description of the geometric principles behind 
the operational characteristics of the second embodi- 
ment of the present invention will now be provided. Con- 

40 structon lines and reference points have been added to 
assist in the discussion. A first construction line 562 is 
drawn through the sensor 552 and orthogonal to the 
registration wall 30. The first construction line 562 inter- 
sects the registration wall 30 at a reference point X. A 

45 second construction line 564 extends along the length 
of and outward from the sensor array 554. The second 
construction line 564 intersects the registration wall 30 
at a reference point Y while the intersection of the first 
construction line 562 and the second construction line 

so 564 yields a reference point Z. Thus, a right triangle 
XYZ is formed. Since the distance XY and the angle of 
the sensor array 554 with respect to the registration wall 
30 are fixed at predetermined dimensions, all the 
dimensions of the triangle XYZ are known. 

55 The envelope 20 is shown just as the corner on the 
lead edge away from the registration wall 30 reaches 
the sensor array 554. In this position, reference points 
X' and Z' are created which yield another triangle X f YZ\ 
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From standard geometric principles it is known that tri- 
angle XYZand triangle XYZ* are similar triangles. Thus, 

X'Y / XY = X'Z' / XZ (1) 

Solving for X'Z', the width of the envelope 20. and rear- 
ranging terms yields: 

X'Z' = X'Y * [XZ / XY] (2) 

where the term XZ / XY may be set equal to a constant 
k1 because this term is fixed by the geometry of the 
sensor assembly 550 and the mailing machine 10. Per- 
forming this substitution yields: 

X'Z' = X'Y * k1 (3) 

It is also known that: 

X'Y = XY - XX' (4) 

Substituting equation (4) into equation (3) and multiply- 
ing out the terms yields: 

X'Z' = k1 * XY - k1 * XX' (5) 

where the term k1 * XY may be set equal to a constant 
k2 which is equal to the constant k1 multiplied by the 
distance XY which is fixed (known). Performing this sub- 
stitution yields: 

X'Z' = k2 - k1 * XX' (6) 

From equation (6), it should now be apparent that the 
width of the envelope 20 as defined by X'Z* is inversely 
proportional to the distance XX' which is equal to the 
distance that the envelope 20 travels from the sensor 
552 until the envelope 20 is detected by the sensor 
array 554. 

Referring to Figs. 1 and 6, since the envelope 20 is 
under the positive control (no slippage) of the take-away 
rollers 450, the distance XX' can be measured using the 
motor 470, the motor controller 310, the sensor control- 
ler 330 and the sensor assembly 550. One way is using 
the sensor assembly 550 signals from the sensor 552 
and the sensor array 554 to determine the distance XX' 
that the envelope 20 travels. The amount of time that 
passes between the lead edge detection by the sensor 
552 and the corner detection by the sensor array 554, 
along with the speed at which the envelope 20 is being 
fed, can be used to determine the distance XX'. 

Alternatively, an encoder system (not shown) can 
be used to measure the distance XX' by counting the 
number of encoder pulses between the lead edge 
detection by the sensor 552 and the corner detection by 
the sensor array 554. Since the encoder pulse has a 
known relationship to the amount of rotation of the take- 
away rollers 450 and thus the amount of travel of the 


envelope 20, the encoder pulses can be directly used to 
determine the distance XX'. 

Generally, encoder systems are well known in the 
art and do not require further discussion for an under- 

5 standing of the present invention. However, for the sake 
of clarity, a brief overview is provided below. In the pre- 
ferred embodiment, the encoder system includes an 
encoder disk (not shown) fixably mount to an output 
shaft (not shown) of the motor 470 and an encoder 

w detector (not shown) fixably mounted to any suitable 
structure in the area of the motor 470. Thus, as the out- 
put shaft rotates so does the encoder disk. The encoder 
disk has a plurality of vanes located around its circum- 
ference and is of a conventional type, such as model 

75 number HP 5100 available from Hewlett-Packard Com- 
pany. The encoder detector is also of the conventional 
type, such as model number HP 9100 available from 
Hewlett-Packard Company, and includes a light source 
(not shown) and a light detector (not shown). The 

20 encoder disk and the encoder detector are positioned 
with respect to each other so that the vanes of the 
encoder disk alternately block and unblock the light 
source as the shaft rotates. The transition from blocked 
to unblocked or vice versa results in a change of state 

25 (also commonly referred to as a "count") for the encoder 
detector. 

Still another alternative is available if stepper 
motors are used. By counting the number of motor 
steps, which have a known relationship to the amount of 

30 rotation of the take-away rollers 450 and thus the 
amount of travel of the envelope 20, the distance XX' 
can be determined. 

Using any of these techniques, the distance XX' 
can be determined. Then, the remaining elements of 

35 equation (6) are known and the distance X'Z', which is 
equivalent to the width of the envelope 20, can be 
directly obtained. In the preferred embodiment, a look- 
up table is provided in a memory portion (not shown) of 
the micro control system 300 which will convert time 

40 counts, encoder pulse counts or motor step counts, 
respectively, into envelope widths. 

To improve the accuracy of the sensor assembly 
550, it is important that field of view of the sensor array 
554 be as narrow as possible and that the sensors 

45 along the sensor array 554 be as fine as possible. In this 
manner, only a small portion of the corner of the enve- 
lope 20 need cover the sensor array 554 to be detected. 
However, those skilled in the art will recognized that 
there are cost versus performance trade-offs associ- 

so ated with increasingly finer resolution. 

Many features of the preferred embodiment repre- 
sent design choices selected to best exploit the inven- 
tive concept as implemented in a mailing machine. 
However, those skilled in the art will recognize that vari- 

55 ous modifications can be made without departing from 
the spirit of the present invention. For example, referring 
to Figs. 1 and 5, the sensor array 554 may be replaced 
with a single sensor (not shown) and a light pipe (not 


0871145A2 I > 


7 


13 


EP0 871 145 A2 


14 


shown). The light pipe would occupy the same position 
and space on the deck 60 as the sensor array 554 which 
the single sensor centrally located thereon. The light 
which is reflected from the envelope 20 back toward the 
light pipe would be carried to the single sensor by ffoer 5 
optics or any other suitable devices. In this manner, a 
single sensor in combination with the light pipe could be 
substituted for the sensor array 554. Thus, the sensor 
array 554 and the single sensor/light pipe assembly 
may be referred to generically as a sensor line. w 

Therefore, the inventive concept in its broader 
aspects is not limited to the specific details of the pre- 
ferred embodiment but is defined by the appended 
claims and their equivalents. 

75 

Claims 

1 . A mailing machine comprising: 

means for feeding an envelope having a width 20 
in a path of travel; 

means for determining the precise width of the 
envelope within a predetermined range of 
widths; and 

control means in operative communication with 25 
the determining means for using the width of 
the envelope to ascertain a proper amount of 
postage to be applied to the envelope. 

2. The apparatus of Claim 1 , wherein: 30 

the control means includes a rate means for 
storing dimensional rating information for a 
postal authority which is used as an input to 
ascertain the proper amount of postage. 35 

3. The apparatus of Claim 1 or 2 further comprising: 

means for applying the proper amount of post- 
age to the envelope. 40 

4. The apparatus of any one of Claims 1 to 3 wherein: 

the predetermined range of widths begins at a 
dimension approximately less than 1 1 cm and 45 
ends at a dimension approximately greater 
than 15 cm. 

5. The apparatus of any one of Claims 1 to 4 further 
comprising: so 

a registration wall along which the top edge of 
the envelope is aligned during feeding in the 
path of travel; 

and wherein: 55 

the determining means includes an array 
of sensors located substantially transverse 


to the path of travel so as to detect the 
presence of the envelope. 

6. The apparatus of Claim 5, wherein: 

the array of sensors includes an inner plurality 
of sensors and an outer plurality of sensors 
located further from the registration wall than 
the inner plurality of sensors. 

7. The apparatus of Claim 6, wherein: 

the control means cycles the inner plurality of 
sensors and if each of the inner plurality of sen- 
sors detects the presence of the envelope, then 
the control means cycles the outer plurality of 
sensors. 

8. The apparatus of any one of Claims 1 to 4 further 
comprising: 

a registration wall along which the top edge of 
the envelope is aligned during feeding in the 
path of travel; 

and wherein: 

the determining means includes a first 
sensor for detecting a lead edge of the 
envelope and a sensor line located down- 
stream in the path, of travel from the first 
sensor and at an angle to the path of travel 
so as to detect a lead corner of the enve- 
lope. 

9. The apparatus of Claim 8, wherein: 

once the first sensor detects the lead edge of 
the envelope, the control means commences a 
count indicative of the distance which the enve- 
lope travels; 

once the sensor line detects the lead corner of 
the envelope, the control means ceases the 
count; and 

the control means uses the count to determine 
the width of the envelope. 

10. A method of determining a proper amount of post- 
age for an envelope in a mailing machine, the 
method comprising the steps of: 

feeding the envelope having a width in a path of 
travel; 

determining the precise width of the envelope 
within a predetermined range of widths; and 
using the width of the envelope to ascertain the 
proper amount of postage to be applied to the 
envelope. 
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11. The method of Claim 10 further comprising the 
steps of: 

storing dimensional rating information for a 
postal authority for use as an input to ascertain 
the proper amount of postage. 

12. The method of Claim 10 or 11 further comprising 
the step of: 


applying the proper amount of postage to the 
envelope. 

13. The method of any one of Claims 10 to 12 further 
comprising the step of: 

establishing the predetermined range of widths 
beginning at a dimension approximately less 
than 1 1 cm and ending at a dimension approx- 
imately greater than 15 cm. 

14. The method of any one of Claims 10 to 13 wherein 
the mailing machine includes a registration wall 
along which the top edge of the envelope is aligned 
during feeding in the path of travel, the method fur- 
ther comprising the step of: 

detecting the presence of the envelope by 
means of an array of sensors located substan- 
tially transverse to the path of travel and the 
array of sensors including an inner plurality of 
sensors and an outer plurality of sensors 
located further from the registration wall than 
the inner plurality of sensors. 

15. The method of Claim 14 further comprising the 
steps of: 


commencing a count indicative of the distance 

which the envelope travels once the first sensor 

detects the lead edge of the envelope; 

ceasing the count once the sensor line detects 

the lead corner of the envelope; and 

using the count to determine the width of the 

envelope. 
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35 


cycling the inner plurality of sensors; and 
if each of the inner plurality of sensors detects 40 
the presence of the envelope, then cycling the 
outer plurality of sensors. 

16. The method of any one of Claims 10 to 13 wherein 
the mailing machine includes a registration wall 45 
along which the top edge of the envelope is aligned 
during feeding in the path of travel, the method fur- 
ther comprising the steps of: 

detecting the lead edge of the envelope by so 
means of a first sensor; and 
detecting a lead corner of the envelope by 
means of a sensor line located downstream in 
the path of travel from the first sensor and at an 
angle to the path of travel. 55 

17. The method of Claim 16 further comprising the 
steps of: 
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(54) Mailing machine including dimensional rating capability 


(57) A mailing machine (10) comprises a device 
(200) for feeding an envelope (20) having a width in a 
path of travel: a device (500) for determining the width of 
the envelope: and a control device (300) in operative 
communication with the determining device (500) for 
using the width of the envelope to ascertain a proper 
amount of postage to be applied to the envelope (20). 
According to a first embodiment, the determining device 
includes a sensor array (520) located transverse to the 
path of travel for detecting the presence of the envelope 


where the sensor array (520) includes an inner plurality 
of sensors and an outer plurality of sensors located fur- 
ther away from a registration wall than the inner plurality 
of sensors. According to a second embodiment, the 
determining device (500) includes a first sensor for 
detecting a lead edge of the envelope and a sensor line 
located downstream in the path of travel from the first 
sensor and at an angle to the path of travel so as to 
detect a lead corner of the envelope. 



— ff gf* £[ mm >t 

t^y£) MAffl ^234 ®>-2M ^-2M 

rb : 


504 


I annua 


Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 


EP 0871145A3 1 > 


EPO 871 145 A3 


European Patent EUROPEAN SEARCH REPORT App0ca,ton Numbor 

Office EP 9 8 10 4898 


DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 

Citation of document with indication, where appropriate, 
of relevant passages 

Relevant 
to claim 

CLASSIFICATION OF THE 
APPLICATION (tnt.Ct.6) 

X 
A 

X 
A 

A 

GB 2 236 859 A (ALCATEL BUSINESS SYSTEMS) 
17 April 1991 (1991-04-17) 

* page 1, line 2 - line 27 * 

* page 6, line 8 - page 7, line 7 * 

* page 11, line 22 - page 12, line 12 * 

* claims 4,11,17,18; figure 7 * 

US 5 535 127 A (UNO TERUHIK0 ET AL) 
9 July 1996 (1996-07-09) 

* column 6, line 5 - line 29 * 

* column 6, line 58 - column 7, line 25 * 

* column 14, 1 ine 51 - 1 ine 64 * 

* column 15; table 1 * 

* claims 1-3; figures 2,3,6 * 

EP 0 548 464 A (ALCATEL ITALIA) 
30 June 1993 (1993-06-30) 

* page 2, line 4 - line 21 * 

* abstract; claim 1; figure 1 * 

1-7, 
10-15 
8,9,16, 
17 

1,2,10, 
11 

3-9, 
12-17 

1,8-10, 
16,17 

G07B 17/00 

TECHNICAL FIELDS 
SEARCHED <lnt.CI*> 

G07B 

The present search report has been drawn up tor all claims 

Place ol sea .xr. Date or completion of the search Examiner 

THE HAGUE 11 April 2000 Reule, D 

CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention 

E : earner patent document, but published on, or 
X : particularly relevant it taken alone after the filing date 
Y : particularly relevant if combined with another D : document cited in the application 
document of the same category L : document cited for other reasons 
A : technological background 

O : non-written disclosure & : member of the same patent family, corresponding 
P : intermediate document document 


2 


BMSDOQD: <EP_0871145A3J_> 


EP 0 871 145 A3 


ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 


EP 98 10 4898 


This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

11-04-2000 


Patent document 
cited in search report 

Publication 
date 

Patent family 
member(s) 

Publication 
date 

GB 2236859 

A 

17-04-1991 

NONE 




US 5535127 

A 

09-07-1996 

JP 

7035570 

A 

07-02-1995 

EP 0548464 

A 

30-06-1993 

IT 

1251559 

B 

17-05-1995 


2 

uj For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 


BNSDOCID: <EP 0871 1 45A3 I > 


